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(54) A dc/dc converter with several outputs, particularly for use in motor vehicles 



(57) The dc/dc converter (C) comprises an input (I) 
connected to a voltage supply (1 ) such as a battery, a 
main converter circuit (MC) of the "booster" type, cou- 
pled to the input (I) in order to supply, to a first output 
(01), a first voltage which is higher than that of the sup- 
ply (I), and an auxiliary converter circuit (AC) coupled to 
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the main converter circuit (MC) and including a control- 
lable electronic switch (M1) in order to supply a second 
regulated direct-current voltage at a second output 
(02). 




Q_ 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRSV3.6 



1 



EP 1 049 240 A1 



2 



Description 

[0001] The present invention relates to a dc/dc con- 
verter with several outputs. 

[0002] Dc/dc converters, of the type having an input 5 
connected to a direct-current voltage supply such as a 
battery in order to supply, at a plurality of outputs, regu- 
lated voltages with values or levels either higher or 
lower than those of the supply voltage, are used in vari- 
ous applications. 

[0003] Dc/dc converters used for this purpose up to 
now have various disadvantages, particularly their con- 
siderable cost and size. 

[0004] The circuit topology which is conventionally 
used most frequently for such converters is that known 
as the "fly-back" type. This topology generally requires a 
single controlled electronic switch and a single mag- 
netic component (a transformer with a primary winding 
and one or more secondary windings, all wound on the 
same core). However, this circuit topology has the dis- 
advantage that the currents flowing in the primary wind- 
ing and in the input capacitor or capacitors have very 
high values. The input capacitor or capacitors have to 
have high capacitance. Moreover, there are problems 
from the point of view of heat dissipation and electro- 
magnetic compatibility. In the "fly-back" circuit topology, 
the leakage inductance of the transformer leads to a 
decline in the overall conversion efficiency. It is also 
generally necessary to use clamping circuits or snubber 
circuits with power capacitors. 

[0005] According to the prior art, in such cases, 
several dc/dc converters, possibly with different topolo- 
gies according to the intended purpose of their output 
voltages, are used in parallel or in series. In this case, 
each output can be regulated independently. However, 
this arrangement involves the use of a plurality of mag- 
netic components as well as a plurality of controlled 
electronic switches, and hence high costs. 
[0006] An object of the present invention is there- 
fore to provide a new and improved dc/dc converter with 
several outputs particularly for use in motor vehicles 
which, in particular, can generate an output voltage of a 
value higher than that of the input supply, for example, 
for driving fuel injectors, and at least one regulated volt- 
age, for example, of about 6V for the supply of logic cir- 
cuits and components. 

[0007] This and other objects are achieved, accord- 
ing to the invention, by a dc/dc converter the basic char- 
acteristics of which are defined in appended Claim 1 . 
[0008] Further characteristics and advantages of 
the invention will become clear from the following 
detailed description, given purely by way of non-limiting 
example with reference to the appended drawings, in 
which: 

Figure 1 is a circuit diagram of a first embodiment of 
a dc/dc converter according to the invention, 



Figure 2 is a circuit diagram of a second dc/dc con- 
verter according to the invention, 

Figure 3 is a series of graphs showing, by way of 
example, curves of electrical quantities and signals 
in the converter according to Figure 2 as functions 
of time t, and 

Figure 4 is a circuit diagram of a variant of the con- 
verter of Figure 2. 

[0009] In Figure 1, a direct-current voltage supply, 
such as the battery of a motor vehicle, is indicated 1 . In 
Figure 1, the supply 1 has its negative terminal con- 
nected to earth and its positive terminal can be con- 
nected, by means of a switch 2, to the input I of a dc/dc 
converter, generally indicated C. 

[0010] The switch 2 is, for example, a switch which 
is incorporated in the ignition and starter switch of a 
motor vehicle and which can be operated manually by 
means of a key K. 

[001 1 ] The converter C has two outputs 01 and 02. 
[0012] In the embodiment shown in Figure 1, the 
converter C comprises a main converter circuit MC and 
an auxiliary converter circuit AC. 

[0013] The input and the output of the main con- 
verter circuit MC correspond to the input I and to the 
output 01 of the dc/dc converter C as a whole. As will 
be described further below, the input of the auxiliary 
converter circuit AC is connected to the output of the 
main converter and its output corresponds to the output 
02 of the converter C as a whole. 
[0014] The main converter MC is of the "booster" 
type. In the embodiment shown by way of example, this 
main converter comprises, in known manner, an input 
capacitor Cj, connected between the input I and earth, 
and an inductor L connected between the input I and the 
drain of a MOSFET transistor M the source of which is 
connected to earth. A diode D has its anode connected 
to the drain of the transistor M and its cathode con- 
nected to the output 01 . An output capacitor C Q is con- 
nected between the cathode of the diode D and the 
earth. 

[0015] The gate of the transistor M is connected to 
an output of an electronic control unit ECU. 
[0016] This unit is arranged, again in known man- 
ner, to apply to the gate of the transistor, a driving sig- 
nal, for example, a pulse-width modulated (PWM) 
signal. In operation, a direct-current voltage of a value 
higher than that of the voltage supplied by the supply 1 
is made available at the output 01 of the main converter 
MC. The unit ECU is arranged to regulate the voltage at 
the output 01 by modifying the signal applied to the 
gate of the transistor M if necessary. 
[001 7] In the embodiment according to Figure 1 , the 
auxiliary converter AC is of the "step-down" or "bucking" 
type. This auxiliary converter has its input connected to 
the output 01 of the main converter MC, preferably by 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 

means of a diode D1 which has its anode connected to 
the output 01. 

[0018] In the embodiment shown, the auxiliary con- 
verter AC comprises, in known manner, a MOSFET 
transistor M1 , having its drain connected to the cathode 5 
of the diode D1. An inductor L1 is connected between 
the source of the transistor M1 and the output 02. A 
diode D3 has its cathode connected to the source of the 
transistor M1 and its anode connected to earth. An out- 
put capacitor C Q i is connected between the output ter- 10 
minal 02 and earth. 

[001 9] The gate of the transistor M1 is connected to 
another output of the electronic control unit ECU. 
[0020] The input of the auxiliary converter AC is 
advantageously but not necessarily connected to the 15 
positive terminal of the voltage supply 1 by means of a 
further diode D2. In particular, this diode has its anode 
connected directly to the positive terminal of the supply 
1. 

[0021] The input of the auxiliary converter AC is in 20 
fact connected to the output 01 of the main converter 
MC and to the voltage supply 1 in an "OR" arrangement, 
by means of the diodes D1 and D2. The object of this 
connection will be explained below. 

[0022] In operation, under the control of the unit 25 
ECU, the auxiliary converter AC supplies to the output 
02 a regulated direct-current voltage of a value lower 
than that of the supply 1 , for example, a voltage of about 
6V. 

[0023] The dc/dc converter C of Figure 1 has many 30 
advantages. 

[0024] In the first place, it comprises a single power 
transistor which is the transistor M of the main converter 
MC. The transistor M1 of the auxiliary converter AC is a 
low-power transistor and may be produced in integrated 35 
form in the controller ECU associated with the con- 
verter. There is always a more than adequate voltage at 
the input of the auxiliary converter AC, even if the volt- 
age provided by the supply 1 falls towards the lower end 
of its range of variability. 40 
[0025] The inductance L of the main converter MC 
also has a filtering effect which is effective in reducing 
the electromagnetic emissions of the converter C as a 
whole. 

[0026] The converter C also has all of the advan- 45 
tages intrinsic in the use of a converter of the "booster" 
type, such as the fact that the actual value of the current 
in the inductor L is very close to the mean value, and the 
fact that the leakage inductance does not lead to a 
decline in efficiency. so 
[0027] If a dc/dc converter with more than two out- 
puts is required, it is possible to connect the output of 
the main converter MC to further auxiliary converters 
such as that already described, or to couple the inductor 
L of the main converter magnetically, by means of a 55 
magnetic core, to a secondary winding with a diode in 
series and with a capacitor in parallel with the output, in 
order to produce an auxiliary converter substantially of 
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the "fly-back" type. 

[0028] The diodes D1 and D2 enable a so-called 
"power-latching" function to be performed, enabling a 
direct-current voltage to be supplied to the output 02 for 
some time after the switch 2 has been opened by 
means of the key K, for example, to allow the control 
logic circuitry supplied by this output to bring to a con- 
clusion predetermined operations or routines to be per- 
formed upon the occurrence of the so-called "key-off" 
condition. 

[0029] Naturally, during normal operation and 
hence with the switch 2 closed, the input of the auxiliary 
converter AC is supplied by the output 01 of the main 
converter MC which is at a voltage higher than that sup- 
plied by the supply 1 . 

[0030] Figure 2 shows another dc/dc converter C 
according to the invention. In this drawing, parts and 
elements already described with reference to Figure 1 
have again been attributed the same alphanumeric ref- 
erence symbols. 

[0031] The converter C according to Figure 2 also 
comprises a main converter and (at least) one auxiliary 
converter AC. 

[0032] The main converter MC is substantially iden- 
tical to that already described with reference to Figure 1 . 
[0033] The auxiliary converter AC of Figure 2 com- 
prises a winding L' coupled magnetically to the winding 
L of the main converter MC by means of a common core 
CC on which both of these windings are wound. The 
windings L and L" together form a transformer. 
[0034] The winding L' has one terminal connected 
to earth and the other terminal connected to the anode 
of a diode D4 which is connected to the output 02 via 
the drain-source path of a MOSFET transistor M1. An 
output capacitor C Q i is connected between the output 
terminal 02 and earth. 

[0035] The auxiliary converter AC is substantially a 
fly-back converter in which the presence of the transis- 
tor M1 enables the direct-current voltage supplied at the 
output 02 to be regulated. For this purpose, the unit 
ECU which drives both of the transistors M and M1, is 
arranged to monitor the voltage in the output capacitor 
C01 of the auxiliary converter and to enable the transis- 
tor M1 when this voltage falls below a predetermined 
threshold value. 

[0036] Figure 3 of the appended drawings shows, 
by way of example, curves of some electrical quantities 
and signals in the converter shown in Figure 2, as func- 
tions of time t, given on the abscissa. 
[0037] The upper graph of Figure 3 shows the curve 
of the current l L flowing in the winding L of the main con- 
verter MC as a result of the application, to the gate of 
the transistor M, of a pulse-width modulated (PWM) sig- 
nal an example of the curve of which is indicated A in 
Figure 3. 

[0038] The third graph of Figure 3 shows, by way of 
example, the curve of the current l L . in the secondary 
winding L' of the auxiliary converter AC. The curve of 
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this current is substantially that of a sequence of pulses. 
[0039] The fourth graph of Figure 3 shows qualita- 
tively the curve of the voltage in the output capacitor 
C Q i of the auxiliary converter AC, that is, the voltage 
V02 supplied at the output 02. 

[0040] The graphs shown in Figure 3 relate to a so- 
called "pulse-skipping" method of driving of the auxiliary 
converter AC, in which the transistor M1 is enabled by 
the unit ECU by means of an enabling signal indicated 
B in Figures 2 and 3. This signal is produced by the unit 
ECU on the basis of the curve of the output voltage 
V02. As can be seen in Figure 3, when the voltage V02 
falls below a threshold value, the unit ECU makes the 
transistor M1 conductive by means of the signal B until 
the voltage V02 returns above a threshold value which 
may be equal to the previous value or may differ there- 
from by a hysteresis margin. In order to reduce the prob- 
lems connected with the parasitic inductances of the 
windings, the control unit ECU is advantageously 
arranged to disable the transistor M1 only during a 
period of time in which the transistor M of the main con- 
verter MC is conductive, as shown in the graphs of Fig- 
ure 3. 

[0041] In the converter of Figure 2, the electronic 
switch M1 of the auxiliary converter AC may also possi- 
bly be integrated with the controller ECU. 
[0042] Moreover, further output voltages may be 
made available by ,, duplicating ,, the auxiliary converter 
or forming "multiple" auxiliary converters, the windings 
of the various auxiliary converters being coupled to the 
winding of the main converter by means of the same 
core. 

[0043] Figure 4 shows a variant of the converter C 
of Figure 2. In Figure 4, parts and elements already 
described have again been attributed the same alpha- 
numeric reference symbols. 

[0044] In the auxiliary converter AC of Figure 4, as 
well as the electronic switch M1 connected to one termi- 
nal of the winding L\ there is another electronic switch 
(a MOSFET transistor) M2 the drain-source path of 
which is interposed between the other terminal of the 
winding L' and the positive terminal of the voltage sup- 
ply 1 . The gate of the transistor M2 is connected to a 
corresponding output of the control unit ECU. 
[0045] A diode D5 has its anode connected to earth 
and its cathode connected to the winding L\ The control 
unit ECU is arranged to disable and to enable conduc- 
tion in the transistor M2 in a first mode of operation and 
in a second mode of operation, respectively. 
[0046] In particular, the unit ECU, is arranged to dis- 
able the transistor M2 when the switch 2 is closed ("key- 
on"). In this condition, the auxiliary converter AC of Fig- 
ure 4 operates in exactly the same way as the auxiliary 
converter of Figure 2. 

[0047] When the switch 2 is opened ("key-off"), the 
unit ECU causes the transistor M1 to become conduc- 
tive so that the auxiliary converter AC can still supply a 
regulated direct-current voltage at the output 02 to 



allow logic circuitry to bring to a conclusion operations 
and routines provided for upon the occurrence of the 
"key-off condition. 

[0048] In the "key-off" condition, the unit ECU can 
5 drive the transistor M2 of the auxiliary converter AC in a 
manner such that this converter operates substantially 
as a "step-down" or "bucking" converter, with the use of 
the winding L' of the transformer as an inductor. 
[0049] In short, the transistor M2 enables the 
w "power-latching" function which was made possible by 
means of the diodes D1 and D2 in the converter of Fig- 
ure 1 also to be implemented in the converter of Figure 
2. 

[0050] Naturally, the principle of the invention 
15 remaining the same, the forms of embodiment and 
details of construction may be varied widely with 
respect to those described and illustrated purely by way 
of non-limiting example, without thereby departing from 
the scope of the invention as defined in the appended 
20 claims. 

[0051] Thus, for example, in the auxiliary converter 
AC of Figure 4, the diode D4 may be disposed between 
the transistor M2 and the cathode of the diode D5, in a 
common cathode arrangement. 

25 

Claims 

1 . A dc/dc converter (C) with several outputs (01 , 02) 
particularly for use in motor vehicles, characterized 

30 in that it comprises: 

an input (I) for connection to a direct-current 
supply (1) such as a battery, 

35 a main converter circuit (MC) of the "booster" 

type coupled to the input (I) in order to supply, 
at a first output (01), a first voltage which is 
higher than that of the supply (I), and 

40 an auxiliary converter circuit (AC), coupled to 

the main converter (MC) and including a con- 
trollable electronic switch (M1) in order to sup- 
ply a second regulated direct-current voltage at 
a second output (02). 

45 

2. A dc/dc converter according to Claim 1 , in which the 
auxiliary converter circuit (AC) is of the "step-down" 
or "bucking" type and has its input connected to the 
output (01 ) of the main converter (MC). 

50 

3. A dc/dc converter according to Claim 2, in which the 
input (I) of the main converter (MC) can be con- 
nected to the voltage supply (1) by means of a 
switch (2), and in which the input of the auxiliary 

55 converter (AC) is connected to the output (01) of 
the main converter (MC) and to the voltage supply 
(1) in an "OR" arrangement. 
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4. A dc/dc converter according to Claim 1 , in which the 
main converter (MC) comprises a first winding (L) 
which is wound on a core (CC) of magnetic material 
and to which a controllable electronic switch (M) is 
connected, and the auxiliary converter (AC) is sub- 
stantially of the "fly-back" type and comprises a 
second winding (U) wound on the same core (CC) 
as the first winding (L). 



converter (AC) operates substantially as a "step- 
down" or "bucking" converter. 



5 



5. A dc/dc converter according to Claim 4, in which the w 
auxiliary converter (AC) comprises a controllable 
electronic switch (M1) in series with the second 
winding (L*). 

6. A dc/dc converter according to Claim 5, in which the 15 
main converter (MC) comprises an electronic 
switch (M) and a control unit (ECU) has a first out- 
put (A) connected to the control input of the switch 

(M) and a second output (B) connected to the con- 
trol input of the switch (M1) of the auxiliary con- 20 
verter (AC), the control unit (ECU) being arranged 
to disable the switch (M1) of the auxiliary converter 
(AC) only whilst the switch (M) of the main con- 
verter (MC) is conductive. 

25 

7. A dc/dc converter according to Claim 6, in which the 
control unit (ECU) is arranged to make the switch 
(M1) of the auxiliary converter (AC) conductive 
when the voltage at the output (02) of that con- 
verter (AC) is below a predetermined value. 30 

8. A dc/dc converter according to any one of Claims 5 
to 7, in which the auxiliary converter (AC) com- 
prises a first controllable electronic switch (M1) 
substantially in series with the second winding (L') 35 
and a second controllable electronic switch (M2) 
connected between the second winding (U) and the 
voltage supply (1), and in which the or a control unit 
(ECU) is arranged to disable and to enable the sec- 
ond electronic switch (M2) in a first mode of opera- 40 
tion, and in a second mode of " operation, 
respectively. 

9. A dc/dc converter according to Claim 8, in which the 
input of the main converter (MC) can be connected 45 
to the voltage supply (1 ) by means of a switch (2), in 
particular, a manually operated switch (2), and the 
control unit (ECU) is arranged to implement the first 
mode of operation and the second mode of opera- 
tion when the switch (2) is closed and when the 50 
switch (2) is open, respectively. 



10. A dc/dc converter according to Claim 8 or Claim 9, 
in which, in the second mode of operation, the con- 
trol unit (ECU) is arranged to keep the first switch 55 
(M1) of the auxiliary converter (AC) permanently 
enabled and to drive the second switch (M2) of the 
auxiliary converter (AC) in a manner such that the 
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